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ACCELERATED  DETERIORATION  OF  ELASTOMERS 


1 .  Object 


The  object  of  this  research  is  to  find  ways  to  degrade  elastomers 
rapidly  at  or  near  room  temperature.  This  work  has  li'd  us  to  study  the 
effects  of  soluble  metal  salts,  hydrazines  and  thiols  on  the  rates  of 
oxidation  and  chain  scission  of  pol yi soprene . 

2 .  Summary 

The  metal  compounds  examined  have  no  significant  pro-oxidant  offeoL 
in  the  absence  of  oxidation  products  (peroxides).  With  partially  oxidized 
polyi sopreno,  however,  these  same  metal  compounds  show  pronounced  pro¬ 
oxidant  effects,  giving  rates  of  oxygen  absorption  several  times  that 
of  0.01  M  ABN  [2 , 2 '-azobl  s  (2-methyl  prop!  oni  trl  1  e  )]  . 

Most  of  the  metal  <K-.tanoates  and  naphlhenntos  c.atalyzc  the  decompo¬ 
sition  of  rubber  hydroperoxides.  In  this  process  the;  proportion  of  chain 
cleavage  and  the  rate  of  chain  initiation  vary  with  Ihe  metal.  Thus, 
cobalt  and  manganese  salts  cause  most  rapid  di sappoarance  of  peroxides 
but  the  foiraei'  strongly  accelerates  oxidation  while  the  latter  does  not. 
Iron  gives  the  most  chain  scissions  for  the  peroxide  decomposed,  and 
about  double  the  oxidation  rate  with  0.005  M  ABN.  Nickel,  copper,  lead, 
zinc,  and  calcium  salts  have  little  or  no  effect  on  the  rate  of  oxidation. 
Cobaltous  .salts  show  mai-ked  color  changes  Indicating  conversion  to 
cobaltlc  compounds  and  complexing  with  oxidation  products.  Aftei'  exten¬ 
sive  oxidation  of  the  rubber,  precipitation  of  cobalt  compounds  may 
oecui'.  This  separation  may  account  for  the  progressive  decrease  in 
catalysis  by  tills  metal,. 

Infrared  analyses  for  hydroxyl  and  carbonyl  groups  and  peroxide 
titrations  account  for  less  than  half  of  the  oxygen  in  the  polymer. 

Much  of  the  bound  oxygen  must  be  in  ether,  epoxide,  or  cyclic  peroxide 
groups . 

Further  experiments  with  phenylhydrazine  and  rubber  solution.s  in 
ciilorobenzene  show  that  oxygen  (not  peroxides  in  the  rubber)  is  required 
for  the  very  rapid  degradation  observed.  The  amount  of  oxygen  consumed 
is  comparable  to  the  amount  of  phenylhydrazine  used.  In  one  experiment 
at  50°  the  degradation  was  complete  within  four  minutes.  Other  hydra¬ 
zines  cause-  slower  but  more  extensive  degradations. 
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Further  experiments  with  p-thiocresol  show  that  many  molecules  of 
oxygen  are  absorbed  per  molecule  of  thiol  originally  present.  How 
long  the  catalysis  would  continue  is  not  yet  known. 

3.  Experimental 


3.1.  Rubber  Solutions 

For  most  of  the  experiments  in  Section  4,  72.8  g  of  Shell  polyisoprcn 
purified  as  described  in  Section  3.1  of  the  Second  Quarterly  Progress 
Report,  was  dissolved  in  2993  ml  chlorobenzene.  All  of  this  solution  was 
then  stirred  with  oxygen  and  24.4  mg  of  ABN  for  94  hours  at  R3°r; .  During 
this  period,  99^  of  the  ABN  is  calculated  to  have  reacted.  This  solution 
was  then  concentrated  by  distillation  at  15-20  mm  pressure  to  90,96  g  of 
nonvolatile  material  per  liter  of  solution  at  25°.  At  this  point  tlie 
titratable  peroxide  content  (Section  3.3)  was  52.6  ramol/liter,  and  the 
number-average  molecular  weight  (M^)  was  1351.  The  carbon  and  hydrogen 
analysis  on  the  solvent-free  residue  corresponded  to  (CjHa  QgO  4  ^ )  j,  ,  g  . 
This  solution  is  designated  "oxidized  polymer  1351." 

Since  the  molecular  weight  of  this  polymer  was  rather  low  and  the 
oxygon  contont  rathor  high,  this  oxidized  polymer  may  not  be  a  .suitable 
model  for  undegradod  polyi soprene .  A  second  oxidized  solution  was 
therefore  pi'epared  without  added  Initiator,  Here  88.92  g  of  puriried 
ci  ,s-poiyi  sopiene  in  3100  ml  chlorobenzene  was  stirred  with  oxygen  for 
10.5  hours  at  63°C .  Mj.^  was  found  to  be  4082  and  the  carbon  and  nydrogon 
analysis  on  tho  solvont-froc  residue  corpespondod  to  (CgHy  ggO  ^  ^ . 
This  solution  ("oxidized  polymer  4082")  contained  26.3  g  of  nonvolatile' 
material  per  lltor,  but  titratable  peroxides.  Tho  infrai-ed  ab.sorption 
sliowed  only  ono-tenth  ns  much  carbonyl  and  hydroxyl  groups  .as  tho  "oxidize 
polymer  1351." 

3.2,  Procedure 

For  the  experiments  in  Section  4,  the  reaction  vessels  were  long- 
necked  100-ml  round-bottom  flasks  with  ground  joints  and  capillary 
stopcocks.  In  general,  25  ml  of  rubber  solution  was  added  to  the 
mcasui’od  metal  compound  or  ABN.  The  reaction  vessel  was  then  cooled, 
dega.ssod,  and  put  in  a  water  bath  at  .50  ±  0,1°.  After  equilibrating  foi’ 
about  one  hour,  oxygen  was  admitted  to  the  system  and  its  consumption 
was  measured  with  time,  following  the  procedure  described  lii  Section  3.2 
of  the  previous  quarterly  report.  Number— average  molecular  weight.s  were 
determined  with  the  vapor  phase  method  described  in  Section  3,4  of  that 
lepor L . 


3.3.  Peroxide  Analysis 


In  determining  hydroperoxides  in  chlorobenzene  solutions  of  oxidized 
poiyisoprene  by  an  iodometric  method,  a  homogeneous  reaction  mixture  i.s 
at  least  desirable,  if  not  essential.  Standard  methods  employing 
isopropanol  or  acetic  acid  as  solvents  were  found  to  be  unsuitable,  but 


a  variation  of  the  procedure  of  Nozaki*  gave  homogeneous  solutions  and 
reproducible  results,  A  stock  solution  of  9  g  of  dry  sodium  iodide  in 
105  ml  of  fresh  reagent  acetic  anhydride  and  35  ml  of  chlorobenzene  is 
prepared  and  .kept  under  nitrogen.  A  l-ml  aliquot  of  the  solution  of 
polyisoprone  in  chlorobenzene  and  14  ml  of  the  stock  solution  are  then 
heated  together  for  70  minutes  at  50*^.  Neither  the  sodium  iodide  nor 
the  rubber  should  precipitate.  After  heating,  50-75  ml  of  water  i  .s 
added  and  the  mixture  is  shaken  for  about  2  minutes.  The  liberated 
iodine  is  then  titrated  with  N/JOO  thiosulfate,  with  vigorous  shaking 
of  the  mixture.  Near  the  endpoint,  1  ml  of  1^  starch  solution  is  added 
to  sharpen  the  endpoint.  The  number  of  moles  of  peroxide  found  is  equal 
to  the  number  of  moles  of  iodine  liberated. 

Our  modified  method  has  been  compared  witli  other  methods  with 
known  amounts  of  tertiary  butyl  hydroperoxide,  with  the  results  listed 
in  Table  I.  Tliree  published  methods  give  result.?  varying  by  as  much 
as  20^.  iihile  our  method  finds  only  81^  as  much  hydroperoxides  as  the 
average  of  the  three  others,  it  Is  reproducible  and  suitable  for  semi - 
quantitative  comparl.sons . 


Table  I 

TITRATION  OF  A  SAMPLE  OF  t-PUlYL  ITf DROPEROXIDE 
RY  DIFFERENT  METHODS 


$  t-BuOaH 

in  sample 

Wlbaut  ot  al . * 

Nozaki ^ 

Hargrave  et  al  .  ^ 

Eggcr 

71.2 

64.3 

78.7 

58.5 

70.4 

64.1 

78.3 

57 . 2 

77.7 

57.7 

70.8  av . 

64.2  av. 

78,2  av. 

57.8  av. 

.  Nozaki ,  Anal.  Chem.,  18,  583  (1946) 

'■.T  P  Wlbaut,  H.  D.,  van  Leeuwen  and  B.  van  dor  Wal, 

Rec .  trav.  chlm.,  73,  1033  (1954) 

^D.  Barnard  and  K.  R.  Hargrave,  Anal.  Chlm.  Acta  5,  476  (1951) 
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3.4.  Infrared  .Analysis 


We  have  tried  to  determine  the  concentrations  of  carbonyl  and 
hydroxyl  groups  in  our  degraded  rubber  solutions  by  comparing  their 
inri'ai'ed  absox'ptiuns  with  those  of  di— n— heptylketone  and  2-octanol 
through  the  use  of  potassium  thiocyanate  as  standard.  Kor  this  pur¬ 
pose  0.08  iT.l  of  a  solution  of  3.041  g  KCN3  iu  .jO  liil  of  melliaiiol  was 
added  to  1  ml  of  the  oxidized  polymer  1351  or  its  oxidation  products. 

To  this  mixture  methanol  was  added  to  give  a  hoiiiogencciis  solution  whicli 
was  evaporated  in  a  rotating  evacuated  flask.  The  polymer-KCNS  mi.xturo 
was  then  pre.ssed  between  NaCl  plates  and  its  infrared  absorption  measured 
on  a  Perkin-F,lniei  221  Spectrophotometer.  All  the  measured  peak  heights 
were  related  to  the  KCNS  peak  at  4.85  a. 


3.5.  Oxidations  with  Kyuiazlnes  and  Thiols 

The  apparatus  used  in  following  viscosity  changes  and  oxygen  uptake 
was  described  in  Section  3.2  of  our  Second  Quarterly  Progress  Report. 

For  the  present  work  the  reaction  vessel  was  11  Lied  with  a  neoprene 
sei'ura  cap  (never  in  contact  with  solution)  so  that  the  c.atalyst  solution 
could  be  injected  Into  the  vessel  without  disconnecting  the  viscosimeter 
from  the  burette. 


In  a  typical  experiment,  50  ml  of  rubber  solution  wa.s  placed  In  the 
viscosimeter  and  thoroughly  degassed  at  room  temperature.  I'he  visco¬ 
simeter  was  then  filled  with  nitrogen.  After  equilibration  In  ili(' 
thermostat  the  initial  flow  time  was  measured.  The  nitrogen  was  next 
removed  with  a  water  aspirator  and  replaced  with  oxygen.  After  equi¬ 
libration  had  again  taken  place  (w.  10  min),  the  flow  time  was  measurod 
and  0.25  mJ  of  a  chlorobenzene  solution  of  catalyst  was  injected  by 
moans  of  hypodermic  syringe.  This  addition  caused  a  slight  decrease 
in  flow  time,  due  to  a  dilution  effect,  and  a  slight  lise  in  gas  volume. 
The  maximum  volume  of  oxygen  in  the  gas  burette  was  taken  as  the  zero 
point  for  determining  oxygen  coii.sumptlon  . 

In  current  experiments  (not  in  thi.s  report)  evacuations  are  limited 
to  pressures  about  5  mm  above  the  vapor  pressure  of  the  .solvent,  to 
minimize  solvent  losses. 

4 .  Effects  of  Metal  Catalysts  on  Oxidations  of  Polymer 

Solutions  at  50“^ (K .  Egger  and  K.  Crawford) 

4.1.  Effect  of  Metal  Octanoates  (O)  and  Naphthenates  (N) 
on  Rates  of  Oxidation 

For  these  experiments,  summarized  in  Table  11  and  Fig.  1,  we 
used  the  o.xidized  polymer  1351,  characterized  in  Section  3.1  and 
Table  II.  The  first  group  of  experiments  in  Table  II  shows  that  this 
solution  oxidized  slowly  with  oxygen  alone  (1.2  mmol/ 11  ter/ hr  without 
additional  ABN,  2.7  mmol/ li ter/hr  with  4.8  mmol/liter  of  ABN).  The 
increase  in  peroxide  titer  corresponded  to  10-25((  of  the  oxygen  consumed 
and  there  was  one  net  chain  scission  per  14-15  molecules  of  oxygen 
absorbed . 


Table  II 


EFFECTS  OF  SOLUBLE  METAL  SALTS  OS  THE  OXIDATION  OF  A  CHdOROBENZENE 
SOLUTION  OF  DEGRADATED  POLYISOPRENE  (1.335  M  in  CsHg  units)  AT  50°C 


Expt  . 

a 

Catalyst 

ramol*^ 

Reaction 

time, 

hours 

n 

d 

absorbed. 

Chain 

e 

scissions, 

ROjHf 

mmol 

11  ter 

No  . 

li  ter 

mmol 

mmol 

sci ssions 

liter 

liter 

OX idi zed 

■ 

Polymer 

- 

- 

(0) 

(1351) 

- 

- 

- 

(52.6) 

20/ 1 

- 

- 

26 

- 

27.52 

- 

- 

- 

22/4 

- 

- 

95.1 

1217 

114.4 

7.4 

15.4 

78.0 

22/5 

ABN 

4.79^ 

94.9 

1110 

206.5 

14.6 

14.1 

73.5 

22/2 

Co-0 

2.0 

6.6 

1146 

133.3 

12.0 

11 . 1 

38.3 

22/1 

Co-0 

2.0 

29.9 

961 

295 

27.3 

10.8 

62.0 

20/2 

Co-0 

2  .0 

36.1 

928 

337.5 

30.7 

11.0 

66.0 

20/  5 

Co-N 

2.0 

36.1 

950 

360.5 

28.4 

12.7 

80.5 

23/5 

Co-0 

7.89 

75.8 

715 

781 

59.9 

13.0 

71.5 

22/3 

Co-U 

19. U 

523 

631 

106.6 

5  .9 

64.5 

20/3 

Fe-0 

36.1 

977 

197.3 

25.8 

7.7 

84.0 

20/4 

Mn-0 

46.6 

970 

155.2 

26.4 

5.9 

38.0 

20/  G 

Mn-N 

46.9 

mmm 

132.1 

23.6 

5.6 

37.5 

23/4 

Cu-N 

2.0 

75.8 

976 

151.5 

25.9 

5.9 

56.3 

23/  1 

Ca-N 

2.0 

76.2 

1040 

80  5 

20.1 

4  .0 

37.4 

23/  2 

Zn-N 

2.0 

76.3 

1120 

64  ,7 

13.9 

4.7 

34.0 

23/3 

Pb-N 

2.0 

76.3 

50.0 

15.4 

3.3 

33,3 

Oxygen  absent 

during  reaction 

at  50° 

21/4 

- 

* 

43.8 

1347 

0.0 

51,0 

21/1 

Co-0 

2.0 

43.8 

1159 

11.2 

11.0 

21,2 

Fe-0 

1.95 

43.8 

1081 

16  8 

i.sj 

27.0 

21/3 

Mn-0 

2.1 

43.8 

1166 

10.7 

3.7 

13.3 

21/5 

Pb-N 

0 . 54 

43.8 

1230 

6.6 

1 ,2 

45.0 

Oxygen  absent 

during  reaction 

at  0° 

24/2 

Co-0^ 

7.89 

0.03 

708 

61 . 1 

0.3^ 

36.0 

=  naphthenate ;  O  =  octoate 

*^Based  on  the  metal  content,  certified 
by  the  manufacturer,  Nuodex  Products 
Company,  New  York 

^Number-average  molecular  weights  after 
oxidation  determined  as  described  in 
bection  6.3.4;  based  on  the  weight  of 
rubber  hydrocarbon  in  solution 

^During  the  indicated  reaction  time. 

Based  on  decrease  in  M  . 

n 


f 

Based  on  lodometric  titrations 
(heatinp;  under  N^  for  10  minutes 
a  t  50°C  )  . 

’’2.50  mmole/ liter  decomposed 
during  95  hours 

'^Decrease  in  peroxide  titer,  chain 
scissions 

'^Addition  under  Nj  to  the  frozen 
solution  and  wanoing  up  to  room 
temperature  for  2  minutes,  then 
kept  at  0°C  until  the  ROjH  and 
measurements  were  made. 
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The  next  six  experiments  in  Table  II  show  the  effect  of  cobalt  on 
the  further  oxidation  of  the  solution  of  oxidized  polymer  1351.  First, 
there  is  little  difference  between  the  octanoate  and  the  naphthonate. 

With  2  ramol/liter  of  cobalt  ion,  there  is  an  initial  rapid  absorption 
of  oxygen,  accompanied  by  a  net  decrease  in  peroxide  titer  and  color 
changes  frotli  blue  to  olive  to  blown.  Subsequently,  Llie  i  a  te  oi  o.\xuali.on 
slows;  the  peroxide  titer  recovers,  and  after  several  hours  a  cobalt 
compound  begins  to  precipitate.  Eleven  to  13  oxygen  molecules  arc 
absorbed  per  chain  scission,  significantly  fewer  than  in  the  absence  of 
cobalt.  We  take  these  results  to  mean  that  on  addition  of  cobalt  to 
oxidized  rubber,  the  cobalt  causes  decomposition  ol  accumulated  peroxides 
with  accompanying  chain  cleavages,  and  effects  a  higher  rate  of  chain 
initiation.  Thereafter,  the  effect  of  the  cobalt  decreases  and  most  of 
the  chain  scissions  take  place  in  the  standard  ratio  during  the  oxidatit>n 
process.  Larger  proportions  of  cobalt  give  higher  initial  rates  of 
oxidation  and  permit  less  titratable  peroxide  to  accumulate.  The  initiail 
large  effect  of  the  cobalt  gradually  wears  off  as  it  probably  becomes 
complexed  and  precipitated. 

At  the  indicated  end  of  Expt .  23/5,  an  additional  7.9  miiiol/lltcr 
of  Cobalt  salt  was  added  and  reaction  was  continued  for  54  hours.  During 
the  first  5  hours  the  rate  of  oxidation  was  about  onc-half  the  initial 
rate,  but  it  again  leveled  off;  207  mmoi/litor  of  oxygen  was  absorbed 
and  the  molcciiiar  weight  decreased  to  442.  During  this  54-hour  intoi’val  , 
only  2.7  molecule.s  of  oxygen  were  absorbed  per  chain  cleaved.  This 
experiment  supports  the  suggestion.s  above. 

A  single  experiment  with  iron  octanoate  suggests  that  iron  does  not 
destroy  peroxides  as  rapidly  as  cobalt  and  that  it  does  not  cause  ns 
rapid  chain  Initiation,  but  that  the  number  of  chain  scissions  pei’ 
oxygen  consumed  is  higher.  Manganese  causes  considerable  peroxide 
decomposition  without  accelei'ating  oxidation  very  much;  possibly  manganese 
is  a  retarder  as  well  as  an  initiator  of  oxidation.  Copper  slightly 
accelerates  the  rate  of  oxidation,  but  calcium,  zinc,  and  lead  salts 
are  without  much  effect  on  rates.  However,  salts  of  these  metals  cause 
the  highest  number  of  cleavages  per  oxygen  absorbed,  probably  because 
they  decompose  peroxides  without  causing  much  oxidation. 

One  experiment  with  nickel  octanoate  (prepared  from  Ni(0H)2  and 
octanoic  acid)  is  shown  in  Fig.  2  and  was  carried  out  with  a  solution 
of  oxidized  polymer  4082.  This  experiment  is  not  entirely  comparable 
with  those  with  the  oxidized  polymer  .1351.  However,  this  experiment 
indicates  an  oxidation  rate  with  nickel  about  half  that  with  0.01  M  ABN, 
a  rate  of  ncj  special  interest. 

Experiment  22/5  in  Table  II  indicates  that  82  molecules  of  oxygeri 
reacted  and  six  chains  were  cleaved  per  ABN  decomposed  at  50°.  This 
result  conflicts  sharply  with  t-’nose  of  Tobolsky  and  Mercuric.'*  In 
experimeni.s  with  natural  rubber  in  benzene  at  60-80°,  they  found  only 

■  V.  Tobolsky  and  A.  Mercuric.  J.  Am.  Chem .  Soc .  8_1  5535  (1959; 
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about  one  cleavage  per  ABN  or  peroxide  decomposed.  The  high  vapor 
pressure  of  benzene  may  have  kept  their  oxygen  concentration  too  low, 
and  their  molecular  weights,  determined  from  viscosities,  are  suspect. 

At  this  writing,  we  propose  tentatively  that  various  metal  salts 
have  little  or  no  effect  on  the  propagation  of  oxidation  chains.  All 
metals  seem  to  cause  docoiuposi tioii  of  peroxides,  and  the  efficiencies 
of  the  associated  chain  cleavage  reactions  may  vary  with  the  metal.  The 
abilities  of  metals  to  catalyze  chain  oxidations  vary  considerably,  but 
we  cannot  now  distinguish  between  a  low  efficiency  of  chain  initiation 
and  a  high  efficiency  of  initiation  associated  with  chain-terminating 
properties  as  well.  All  of  these  effects  are  complicated  by  uninvestigated 
change.s  in  the  valence  and  coordination  states  and  in  solubilitie.s  of 
the  metal  compounds. 

4.2.  The  Effects  of  Metal  Catalysts  in  the  Absence  of  Oxygen 

In  four  of  the  last  five  experiments  in  Table  II,  to  determine 
Uie  effect.s  of  the  metals  on  peroxide  stability,  degassed  solutions  of 
oxidized  polymer  1351  were  shaksn  at  50”  for  44  hours  In  evacuated 
vessels.  In  all  cases,  significant  amounts  of  peroxides  were  lost  in 
the  presence  of  metal  salts.  Comparison  of  'oxidized  polymer  1351  '  and 
Expt.  21/4  .shows  that  little  peroxide  decomposed  in  the  absence  of  metal 
salts,  but  that  peroxides  disappeared  relatively  fast  in  the  presence 
of  manganese  and  cobalt,  slower  in  the  presence  of  iron  or  lead.  Iron 
soems  to  be  more  efficient  in  producing  chain  scissions  for  n  given 
amount  of  peroxide  decomposed  (the  data  with  lend  are  not  us  nucui'ate 
or  strictly  comparable). 

In  the  last  experiment  in  Table  II,  the  color  change  indicated 
that  extensive  reaction  occurred  rapidly  at  0°.  Prompt  work-up  showed 
that  moi'e  chain  cleavages  than  decompositions  of  tltratable  peroxide 
had  occurji’ed.  Comparison  of  this  experiment  with  Expt.  21/1  raises  the 
question  of  whether  cross-linking  or  condensation  may  follow  rapid 
initial  cleavage. 

4.3.  Oxidation  Products 

With  increasing  oxidation,  infrared  absorption  shows  progressively 
stronger  absorptions  near  2.9  g  and  5,8  (i  for  hydroxyl  and  carbonyl 
groups,  respectively.  At  the  same  time  general  absorption  increases 
at  6  to  15  p,  obscuring  detail  in  this  region.  Very  similar  infrared 
absorption  spectra  are  obtained  by  oxidation  of  films  of  natural  rubber'^ 
or  synthetic  cis-polyisoprene.  Infrared  does  not  distinguish  between 
alcohols  and  hydroperoxides,  the  difference  between  the  2.9  p  absorption 
maxima  being  only  about  .05  u.®  The  oxidized  polymer  1351  contains 

V.  Ke;  4,  A.  Tkac  and  J.  Hrlvlkova,  Chera .  Listy,  49,  1433  (1955); 

Translation  in  Rubber  Chem.  and  Technology,  29,  1245  (1956) 

R.  Williams  and  H.  S,  Mosher.  Anal.  Chem.,  27,  517  (1955) 


7 


hydroxyl  and  carbonyl  compounds  by  inlrarcd  and  liydropcroxides  by 
,  titration.  The  main  carbonyl  absorption  at  5.83  a  is  tentatively 

assigned  to  ketone  groups  and  the  shoulders  at  .5  7  and  5.9  ..  to  aldehydes 
and  acids,  respectively,  by  analogy  with  studies  on  oxidation  products 
of  polyethylene.’  The  oxidized  polymer  4082,  however,  sho\v.s  only  about 
one-tenth  as  much  hydroxyl  and  carbonyl  absorptions  a.s  the  oxidized 
polymer  1351,  de.spi  te  the  fact  that  its  oxygen  content  is  nearly  half 
that  in  the  1351  polymer.  The  carbonyl  absorption  ma.ximiim  i  .s  still  at 
5.83  ,r ,  but  the  shoulders  are  not  obvious.  Further,  no  titralablc 
peroxides  are  found  in  the  4082  polymer. 

When  we  heated  the  o.xidized  polymer  1351  for  48  hours  at  100^  the 
titratable  peroxides  disappeared  but  both  the  hydroxyl  and  carbonyl 
absorption  increased  If  alcohols  and  hydroperoxides  have  comparable 
absorption  intensities,  this  result  must  mean  that  the  additional  hydroxyl 
(and  maybe  some  carbonyl)  groups  arose  by  decomposition  of  nonti tratable 
(cyclic  or  di alkyl)  peroxides. 

When  the  1351  polymer  is  oxidized  furthei’,  the  increase  in  11“ 
oxygon  content,  from  carbon  and  hydi-ogen  analyses,  accounts  for  only 
70  to  80^  of  the  volume  of  oxygen  absorbed.  The.se  re.sults  are  listed 
In  Table  III;  if  they  are  conlirmed  by  direct  oxygon  analysis  on  the 
polymers,  they  indicate  loss  of  highly  oxidized,  low-molecular-weight 
material  during  isolation  of  the  analytical  samples. 

Kfrorts  at  (gianti  tntivo  infrai’ed  studies  art'  al.su  suiraiia  I’i  zed  la 
Talilo  III.  A  known  proportion  of  potassium  thiocyanate  was  u.sod  as 
•  .standard  in  each  sample.  The  hydroxyl  concentration  estimated  In  this 

way  Is  only  0-10)&  of  the  hydroperoxide  found  by  titi’atlon,  Although 
I'eprocluci ble  and  sharp  absorptions  were  obtained  with  potns.sium  thiocyanate 
in  oxidized  polymers,  sharp  absorptions  wore  not  obtained  with  the  alcohol 
and  ketone  standards.  In  any  event,  the  hydroxyl  and  carbonyl  oontonts 
indicated  by  infrared  absorption  fall  far  short  of  accounting  for  the 
oxygen  contents  of  the  polynier.s. 

All  effort  to  use  the  3  48  C-H  ab.sorptlon  ns  an  internal  standard 
in  the  polymer  Indicated  still  lower  hydroxyl  and  carbonyl  contents 
(but  in  similar  relative  proportions).  Perhap.s  much  of  the  oxygon  i  .s 
in  cyclic  peroxides,  a  possibility  consistent  with  the  disappearance 
of  carbon-carbon  double  bonds  during  oxidation. 

4.4.  The  Influence  ol  Oxidation  Products  on  the  Rate  Oxliiatlon 

In  Fig.  3  WR  compare  experiments  with  approximately  the  same 
concentration  of  cobaltous  octanoate  with  three  different  solutions. 

.  the  undegraded  polymer,  (25.45  g/flter,  Section  3.1  of  the  last  report) 
the  oxidized  polymer  1351,  and  the  oxidized  polymer  4082  (Section  3,1 

’F.  M  Rugg,  J.  ,J  .  Smith  and  R.  C.  Bacon,  J.  Polymer  Sci  ,  13,  535 
(1954) 
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Table  III 


OXYGEN  BALANCE  ON  CIILOHOBKNZENE  SOLUTION  OF  OXIDIZED 
POLYISOPRENE  INITIAL  SOLUTION  1.335  M  IN  UNITS 


Concentration 

in  mllliraols  of  Oj/liter 

Sample 

n 

0) 

N  CO 

0 

a 

D 

Total 

O2  in. 
polymer 

T3 

X 

a 

0 

Cci 

e 

Ketones 

0 

A 1 cohol s 

Original 
cis-poly- 
1 soprene 

~  250, 000*^ 

(CsHs)^ 

0 

0 

0 

0 

0 

0x1  d . 
pol.  1351 

1351 

(CsHg  .  osO.  45)17  .8 

0 

300 

52.6 

6.2 

-2 

Oxid  . 
pol  .  1351, 
48  hr  at 
160°  In 

vac . 

1140 

0 

0 

12.3 

Product 
of  expt  . 
22/4 

1217 

(C5H7 .7i0.6g2)lS.7 

1J4 .4 

374.8 

78.0 

14.4 

~7 .2 

Product 
of  expt . 
22/5 

1110 

{ C .78^.7g)i3.<) 

206.5 

466.8 

73.5 

15.9 

'-4  .7 

Urodiic  t 
of  expt . 
22/3 

523 

- 

631 

- 

64.5 

25.7 

-3.1 

=  number  average  molecule  weight 


From  intrinsic  viscosity  mea.sureinents 

c 

0  by  difference  from  C  and  H 

d„ 

By  titration  in  Section  3.3 

Method  in  Section  3.4.  The  alcohol  content  should  equal  or  exceed 
peroxide  content,  but  does  not. 

f 

I’a.st  1351  stage. 
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of  this  Report).  To  get  comparable  figures,  result-s  of  all  three 
experiments  have  been  recalculated  to  25  ml  of  a  solution  containing 
0.625  g  of  polymer  (25  g/liter).  The  catalytic  effect  of  the  cobalt  salt 
depends  on  oxidation  products  in  the  polymer. 

The  two  oxidized  polymers  show  only  small  rate  differences,  even 
though  the  1351  polymer  contains  considerable  titratable  peroxide  and  the 
■1082  polymer  contains  none  The  remarkable  color  changes  from  blue 

(Co^^)  to  olive  (Co^'^  +  green  to  brown  (unknown  complexed  form) 

are  the  same  with  both  1351  and  4082  polymers.  Since  titratable  peroxide 
seem  to  have  little  effect  on  catalysis  or  color  changes,  some  othei- 
oxidation  products  may  be  important  With  solutions  of  unoxidized  poly- 
isopicnc  the  metal  has  little  catalytic  effect  until  enough  oxidation 
products  have  been  formed.  After  the  induction  period,  the  rate  oi'  o.xlda 
tion  and  the  color  changes  aie  the  same  as  with  preoxidized  polymer 
solutions.  Thus,  the  association  of  metal  catalysis  with  hydroperoxides 
i.s  le.ss  certain  than  it  previously  seemed. 

4.5.  Proposed  Work  on  Metal  Catalysis 

In  an  effort  to  associate  metal  catalysis  with  oxidation  products, 
an  oxidation  will  be  carried  out  with  .sqiialene  as  a  model  for  polyiso- 
prene.  Experiments  on  further  oxidation  of  4082  polymer  with  coball 
complexes  with  octahedral,  tetrahedral,  and  p.lanar  coordinations  ai’c 
tindor  way  and  will  bo  continued.  The  influence  of  the  common  antioxidiint 
pheiiyl-p-naphtliylaminc  and  2 , 6-di-t-bu  tyl -4-metbyl  phenol  ,  on  mctal- 
ciitalyzcd  oxidations  will  be  determined. 

Some  oxidation  products  from  experiments  with  oxidized  polymer  1351 
will  bo  analyzed  by  NMH  to  estimate  the  double  bonds  con.sumc.cl  (luring 
0x1  da  I Ion. 

A  new  cobalt-complcx  precipitate  has  been  prepared  and  will  be 
analyzed  to  give  us  some  Idea  about  the  interaction  of  cobalt  salts  and 
polymer  oxidation  products. 

A  few  oxidations  of  polybutadiene  will  be  carried  out. 

5.  Degradations  by  Hydrazines  and  Thiols  (jorge  Heller  and  R  I, 

Wal rath  ) 

5.1.  Corrections  to  Previous  Phenylhydrazi nc  Experiments 


In  our  Second  Quarterly  Progress  Report  ,  the  following  correct!  on.s 
apply : 


In  Fig.  4,  the  time  scale  is  in  ten-minute  (not  1-mlnute)  interval.s. 
In  the  first  paragraph  in  Section  7,  for  "one  minute,"  read  "10  minutes,  " 
and  for  "two  minutes,’’  read  "20  minutes.  " 
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In  the  fit'St  full  paragraph  on  page  10,  the  marked  decreases  in 
viscosity  on  heating  the  rubber  solution  in  the  absHnce  of  oxygen  arc 
due  to  partial  gellation  of  the  rubber  on  the  sides  of  the  glass  tubes 
and  the  formation  of  less  concentrated  solutions  These  results  and 
Sections  5.2  of  the  present  report  invalidate  our  conclusion  about  tlic 
anieraction  of  phenylhydrazine  and  peroxides  in  the  last  paragraph  of 
Section  7  of  our  Second  Quarterly  Report. 

In  our  Monthly  Lettei  Report  for  March,  1963,  the  last  sentenci-  in 
the  next-to-last  paragraph  should  be  deleted. 

5.2.  Effects  of  Chlorobenzene  and  Pheny’lhydrazinc  on  Rubber 

Solutions  in  the  Absence  of  Oxygen 

As  noted  in  the  correction  above,  our  Second  Quarterly  Progros.s 
Report  suggested  that  pheny Ihydrazl ne  can  catalyze  the  degradation  of 
polyisoprene  ev’en  in  the  absence  of  oxygen  by  utilizing  some  reactive 
groups,  presumably  peroxides,  which  are  present  even  in  carefully 
degassed  rubber  solutions.  We  have  since  found  that  the  addition  of 
even  very  small  ami.)Unts  of  chlorobenzene  alone  produces  a  noticeable 
decrease  in  viscosity.  This  work,  summarized  in  Table  IV,  clearly 
.shows  that  the  observed  decrease  in  "reduced  relative  flow  time"  docs 
not  depend  on  the  amount  of  phenylhydrazine  but  only  on  the  amount  of 
solvent.  We  conclude  that  the  solutions  chosen  for  our  previous  work 
•u'c  unexpectedly  sensitive  to  concentration  changes. 


Table  IV 

IMMEDIATE  EFFECT  OF  DILUTION  ON  THE  RRFt‘^ 
OF  A  DEGASSED  SOLUTION  OF  .  2 . 54?^  POLY¬ 
ISOPRENE  IN  CHLOROBENZENE  IN  THE 
ABSENCE  OF  OXYGEN 
(Total  volume  of  .solution,  50  rnl  ) 


CfjKsCl  Added, 
ml 

pNHf(H2  Added, 
mmoles 

RRFT^  After 
Addi t i on 

0.25 

none 

0.92 

0 . 25 

0.005 

0.92 

1  .0 

none 

0.82 

1  .0 

0.0092 

0 .82 

1.0 

0 . 0085 

0.74 

3.0 

none 

0.72 

3,0 

none 

0 . 76 

3.0 

0.035 

0.77 

3.0 

0.087 

0.73 

a 

Reduced  relative  flow  time,  defined  in 
Section  3.3  of  Second  Quarterly  Progress 
Report .  ° 
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5.3.  Pheny Ihydrazi ne  In  the  Presence  of  Oxygen 


The  addition  of  small  amounts  of  a  chlorobenzene  solution  of 
phonylhydrazine  to  a  solution  of  polyi soprene  in  the  pi'esence  of  oxygen 
causes  a  much  greater  decrease  in  viscosity,  Changes  in  RRFT  with  time 
for  different  pheny  1  hydrazi ne  concentrations  are  shown  in  Fig,  1.  As 
noted  in  our  previous  quarterly  report,  there  is  a  very  rapid  viscosity 
decrease  followed  by  little  further  change.  Tlie  viscosity  change*  increases 
with  the  amount  of  plumy  I  hydra/.i  ne  added. 

'Die  rapidity  with  which  the  RRFT  value  diops  after  oxygen  is  intro¬ 
duced  iS  brought  out  by  the  following  experiment  A  rubber  solution  was 
carefully  degassed  and  the  flow  time  under  ni  ti'ogen  measured  Next 
pheny Ihydrazi ne  solution  was  introduced  and  the  flow  time  measured  again 
to  determine  the  dilution  effect.  The  rubber  .solutic,in  was  then  briefly 
evacuated  and  the  nitrogen  replaced  by  oxygen.  The  usual  sharp  decrease 
in  flow  time  occurred  in  le.s.s  than  four  minutes. 

These  interesting  data  Indicate  that  neither  pheiiylhydraz.l ne  nor 
oxygen  alone  will  cause  rapid  degradation  of  rubber,  but  that  the  combina¬ 
tion  causps  very  rapid  but  short-lived  d<'grndati  on .  The  amounts  of 
o.xygon  absorbed  during  these  degradations  have  boon  too  small  to  niea.sure 
accurately,  u.sually  less  than  1  ml.  To  the  extent  that  our  numbers  have; 
any  significance,  they  correspond  to  one  to  three  molecnles  of  oxygen 
reacting  por  molccuic  of  pheny  1  hydrazi  ne  added. 

We  shall  tiy  to  obtain  useful  correlations  between  the  amounts  of 
phony Ihydrazi no  added,  the  oxygen  absorbed,  and  the  number  of  chain 
cleavage.'!.  A  few  such  experiments  will  also  be  carried  out  with  poly- 
Ijutiuil  one . 

5  .  ‘1 .  Effects  of  Other  Ilydrzaines 

Figure  5  compares  the  ef  loots  of  tluee  liydrazine.s  on  the  (h^griida ti  on 
of  a  solution  of  polyisopiene  In  chlorobenzene.  All  experiments 

employed  5  x  lO"*^  mole  of  catalyst  per  30  ml  ol  solution.  OnllUe 
pheny  1  hydrazi  ne  ,  1  , 1-di  met  hylhyclrazl  ne  has  a  slow  but  sustained  action 
and  produces  an  appreciably  shorter  ultimate  flow  time.  Hydrazine 
hydrate  has  an  i  n  termedl  .a  t  c  effect.  Again,  correlations  of  hydrazine 
concentration,  oxygen  consumption,  and  chain  scissions  are  desi  cable. 

5.5  Effect  of  p-Thiocresol 


Figure  6  .shows  decreases  in  RRFT  and  oxygen  consumption  for  two 
p-thiocrcsol-catalyzed  degradations  of  polyi sopreno ,  Unlike  phonyl- 
hydjazine,  ji-thi  ocresol  seems  to  exert  a  catalytic  action.  In  Expt  .  3, 

16  molecules  of  oxygen  were  absorbed  per  initial  molecule  of  thiocresol 
when  the  reaction  was  discontinued.  Correlations  of  thiocresol  concentra¬ 
tions,  oxygen  consumption,  chain  scissions,  and  autocatalysis  will  be 
carried  out.  The  action  of  thiocresol  remains  interesting  and  promising. 


1  •> 


The  net ion 
zincs  in  Fig.  5 
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REACTION  TIME — hours 

«M  »?oa  $. 


FIG.  1  RATE  OF  OXIDATION  OF  OXIDIZED  POLYMER  1351  AT  50  ' 

Identifications  Indicate  the  metal  solt  used,  Octoate  or  Naphthcnate, 
the  concentrations  of  metals  or  ABN  in  millimoies-'liter  and  the 
experiment  number  in  Table  II 
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TIME  -  hours 


riG.  4  CHANGE  IN  REDUCED  RELATIVE  FLOW  TIMES  DURING 
PHENYLHYDRAZINE-CATALYZED  DEGRADATION  OF 
2.54%  SOLUTION  OF  POIYISOPRENE  IN  CHLOROBENZENE 
UNDER  OXYGEN  AT  50'-’C 
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RRfT 


FIG.  5  EFFECT  OF  5  10‘*  MOLES  OF  VARIOUS  AGENTS  ON  THE  DEGRADATION  OF  50  ml  ^ 

OF  A  2.5<1''5  POLYISOPRENE  SOLUTION  IN  CHLOROBENZENE  UNDER  OXYGEN  AT  50"C 


RRFT 


OR  4?n<t  i< 


FIG.  6  CHANGE  IN  REDUCED  RELATIVE  FLOW  TIME  AND  OXYGEN  CONSUMPTION 
DURING  A  p-THIOCRESOL-CATALYZED  DEGRADATION  OF  50  ml  OF  A 
2.54%  SOLUTION  OF  POLYISOPRENE  IN  CHLOROBENZENE  AT  SO^C 
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TOTAL  OXYGEN  CONSUMED 
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